, but this empirical advice is based mainly on measurements of blood glucose concentrations. In view of the paucity of data the interaction of diabetes and injury with respect to muscle protein metabolism has been studied using the mouse as an experimental model.
Methods
Male albino mice weighing initially 27-33 g were kept at 20~ with 12 h light per day, and were fed ad libitum throughout on Labsure CRM nuts (The Christopher Hill Group Ltd., Poole, U.K; protein content 17.5%). Diabetes was induced with a single IV injection of streptozotocin in citrate buffer (0.1 mmol/1; pH 4.5). All non-diabetic animals were injected with buffer alone. Injections were given under brief ether anaesthesia. In experiments involving injury, 3-4 days after injection some mice were given a 20% body surface area full skin thickness dorsal scald injury [8] under ether anaesthesia; non-injured animals were also anaesthetised and had their dorsal fur clipped. Mice injected with buffer only and not scalded are referred to as 'untreated'.
Mice were killed by cervical dislocation at various times after treatment and a blood sample taken from the chest for measurement of plasma glucose and insulin concentrations [9] . The combined left and right hindquarters were skinned and isolated by severing the trunk at the level of the iliac crests and removing the pelvic contents, genitalia and tail. Feet were removed at the ankle joints. Superficial fat was removed. The soleus (a mainly red muscle) and the plantaris or extensor digitorum longus (intermediate muscles) were removed from each leg, and bilateral muscles dissolved together in NaOH (1 ml; 1 tool/l). The remainder of the hindquarters was dissolved in hot NaOH (ca. 8 ml; 10 mol/l), filtered through glass wool to remove bones, and made up to 500 ml with water. Total protein contents were measured on these solutions by the method of Lowry et al. [10] . The results for soleus and extensor digitorum longus were added to those for the remaining hindquarters to give a figure for total hindquarter protein. The contribution of collagen to this estimate was 10-12% as measured by hydroxyproline estimation [11] after hydrolysis of samples in HC1 (6 tool/l) at 110~ overnight.
Food intake was measured in separate experiments. From 3 to 7 mice were kept together in each cage after treatment. The normal food was powdered so as to pass through a sieve. A weighed amount was provided in a metal pot with an outer surrounding dish. Little if any food was scattered outside the outer dish. Each day the contents of the pot and dish were removed and fresh food provided. Faeces and sawdust were removed from the contents by sieving and hand-picking and the remaining food was dried to constant weight (overnight) at 70 ~ to minimise contamination by urine. Samples of unused food were also dried to determine their volatile water content (9.1% w/w). Water consumption was measured by weighing the water bottles each day. The combined weight of the mice in the cage was used to calculate the consumption in grams of food or ml of water per 100 g body weight.
Statistical methods were those described by Snedecor & Cochran [12] . Body weights, plasma glucose concentrations and muscle protein contents are shown as mean values + SEM. Plasma insulin concentrations were non-normally distributed and median values with ranges are shown; food and water consumption are 
Experimental Design
In experiments on the combination of scald injury with diabetes two different severities of diabetes were studied, induced with either 200 mg/kg or 125 mg/kg streptozotocin. As previous experiments had shown that there were significant differences between batches of animals in the mean total protein contents of various muscles, all four types of treatment were studied for each part of the experiment. Comparisons have therefore been made only between treatments within each batch of animals.
Results

General Effects of D&betes and of Injury
No ketonuria was detected in any animal when tested (Keto-Diastix; Ames Co., U. K.) at the time of killing. No mice died from the diabetes alone. After scalding there was 10% mortality (6/62), similar to that observed previously [8, 9] , all deaths occurring within 48 h of injury. Diabetes did not affect the mortality rate. Food intake was not decreased in the diabetic and diabetic injured animals compared with the untreated group (Table 1) . 
Plasma concentrations
Glucose (mmol/1) 11.3 +-0. 
Effects of Diabetes on Muscle Protein
Six mice were given streptozotocin in doses of up to 220 mg/kg, and killed 7 days later. Plasma glucose concentrations ranged from about normal (see Table  2 ) to 26 mmol/1 (Fig. 1) . The protein contents of the soleus, plantaris and the combined muscle group were obviously decreased at plasma glucose concentrations of 20 mmol/1 and higher (Fig. 1) . In each case there was a significant negative correlation between total protein content and plasma glucose load.
Effects of Scald Injury and Diabetes
Two severities of diabetes were studied in these experiments. Mice were killed 10 days after scalding or clipping.
Moderate Diabetes. After 200 mg/kg streptozotocin ( Table 2 ) body weights fell similarly in both diabetic and diabetic injured mice, but were stable by the time of killing. Plasma glucose concentrations in the diabetic mice ranged from 17-46 mmol/1, whereas scald injury alone had no effect on plasma glucose concentration. Plasma insulin concentrations were reduced in both groups of diabetic mice.
The total protein content of the hindquarters was significantly decreased in the diabetic non-injured animals compared with the untreated, although the protein contents of soleus and extensor digitorum longus were not significantly reduced. In contrast, scald injury alone had little effect on muscle protein contents. However, in the diabetic injured mice the protein contents of soleus, extensor digitorum longus and the complete hindquarters were all very significantly decreased compared with the untreated mice and were also, except in the case of the soleus, significantly decreased (p<0.002) compared with nondiabetic injured mice; that is, diabetes and injury produced significantly greater loss of muscle protein than injury alone. In addition the muscle protein contents in the injured diabetic mice were lower than those in the non-injured diabetic, very significantly so in the case of the extensor digitorum longus. For the hindquarters this was shown by the significant depression of the regression line of muscle protein on plasma glucose concentration (Fig. 2) .
Mild Diabetes. Since the effects of diabetes induced with 200mg/kg were generally much more pronounced than those of injury, any additive effects might have been masked. In further experiments milder diabetes was therefore induced (125 mg/kg streptozotocin) (Table 3) . Body weights fell less rapidly than with the higher dose of streptozotocin and in the non-injured animals were tending to increase again at 10 days after treatment (2 weeks after injection). Plasma glucose concentrations were slightly elevated compared with untreated animals in a Based on results in Table 3 (diabetes induced with streptozotocin 125 mg/kg); otherwise based on results in Table 2 (streptozotocin 200 mg/kg). Loss of muscle protein refers to the percentage difference between treated and untreated groups. The expected loss due to the combined treatments was calculated from the product of the fractions remaining after the individual treatments the diabetic non-injured group but in the injured group there was no significant hyperglycaemia. Plasma insulin concentrations in the diabetic animals were not significantly reduced at this stage compared with the non-diabetic group. There was a significant positive correlation between plasma glucose and insulin concentrations in the non-injured diabetic mice (r = 0.57; p <0.05).
With this milder degree of diabetes there were no significant changes in muscle protein content in the diabetic non-injured mice compared with the untreated, and as before injury alone had no effect on muscle protein contents. However, in the injured diabetic mice there was significant depression of muscle protein contents compared both with the untreated animals and also with the non-injured diabetic, despite the more severe diabetes (as judged by hyperglycaemia) in the latter group. The hindquarter protein content was also significantly depressed (p <0.01) compared with injured non-diabetic animals.
To test whether the effects of injury and of diabetes on loss of muscle protein were additive, the percentage differences in mean values in each group from those in untreated animals were calculated (Table 4) . In all six cases the observed loss in the injured diabetic mice was greater than the combined effects of the individual treatments (p <0.05 by sign test). This synergism appeared to occur more in white muscle, e.g. extensor digitorum longus, than in red muscle, e.g. soleus.
Discussion
Although loss of muscle mass was a characteristic feature of diabetes mellitus before the introduction of insulin treatment [1] , this aspect of diabetes has not received much attention experimentally. Several studies have shown a depression in the rate of muscle protein synthesis in experimental diabetes [13, 14] , but apart from the loss of protein from the mouse soleus noted by Le Marchand-Brustel and Freychet [15] it has been difficult to demonstrate a net fall in muscle protein content. This has been attributed to a protective effect of activity on certain hindlimb muscles [14] . In the present experiments the use of the combined hindquarter muscles as an index of mixed muscle types may have helped to overcome this problem. Another difficulty is that the changes induced by diabetes of 'moderate' severity (see below) are small compared with the variation seen between batches of animals (Tables 2 and 3 ), so that comparisons between treatments must be made within a particular batch as in the present study. This variation is in keeping with that found in many aspects of protein metabolism [14, 16] and also with the differences in growth rate found between the batches of animals used in this study; others have shown that such differences in growth rate between groups of animals are related to differences in their rates of muscle protein synthesis [17] .
The results show that the loss of muscle protein in diabetes is related to the severity of the disease ( Figs. 1 and 2 ). Although lack of the direct stimulatory effect of insulin on muscle protein metabolism [9, 13] was probably the major cause of this loss, decreased insulin-stimulation of glucose utilisation may have contributed since glucose is also a regulator of protein metabolism in muscle [16] . After the smaller dose of streptozotocin there was no relationship between muscle protein and plasma glucose or insulin concentrations measured at the time of killing. However, it seems likely that some animals were showing spontaneous recovery at this stage, as observed after low doses of streptozotocin in the rat [18] . The plasma glucose and insulin concentrations at this stage may therefore not reflect those prevailing for most of the experimental period.
The small animal (rat or mouse) is not normally very sensitive to the muscle protein loss which characterises the general response to injury. After scald injury the period of net muscle protein breakdown lasts only 2-3 days [9, 19] , despite a prolonged period of elevated oxygen consumption in response to the energy demand for increased evaporation through the burned area [19, 20] . In the present experiments this was confirmed, in that at 10 days after injury (Tables 2 and 3 ) muscle protein contents in injured non-diabetic mice differed little from those in the untreated animals. The most obvious aspect of the comparison of diabetes and injury was therefore the much greater effect of the former on muscle protein, although even the larger dose of streptozotocin produced diabetes which would only be classed as 'moderate' by experimental standards [18, 21] , with no ketonuria, plasma insulin concentrations still detectable and no mortality even when untreated. This made the demonstration of additive effects of diabetes and injury difficult since the effects of the former outweighed those of the latter. However, using the smaller dose of streptozotocin the diabetes produced was so mild that the potentiation of the effects of injury by coexisting diabetes was more clearly seen.
It is probable that the main reason for this potentiation was insulin deficiency. The primary mode of action of streptozotocin is considered to be destruction of pancreatic B-cells [22] . It is unlikely that other anabolic hormones such as growth hormone or growth hormone-related factors would have been involved since growth hormone concentrations are if anything elevated in diabetes [23] . Malnutrition was not a factor since even the injured diabetic animals maintained at least a normal food intake ( Table 1) . These results thus further highlight the importance of insulin for the recovery of the injured patient, and add weight to clinical observations that prevention of post-traumatic nitrogen loss is best achieved, at least in the normally nourished patient, with carbohydrate infusions which stimulate insulin release [24] or by the addition of insulin itself [25, 26] .
The additive or synergistic effects of these conditions may have some relevance for the diabetic patient who is injured. The results suggest that careful control of the diabetes may be important not just from the point of view of the plasma glucose concentration, but in speeding recovery, since recovery of muscle strength is the main determinant of the length of convalescence [27] . Confirmation of these results is, however, required in man.
